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Overview

e History of HGP—the Past
e Genomics In the Present

e Genomics In the Future
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National Human Genome
Research Institute (NHGRI)

 Led the NIH’s contribution to the Human
Genome Project

 Mission involves studies to understand structure
and function of genome

e Studies role of genome on human health
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The Human Genome Project

 « An international government project
&3\ € that ended ahead of schedule!

I 2 + And under budget!

% — # e« And from its start earmarked funds
B} for consideration of its ethical, legal,
and social implications (ELSI) - the
greatest funding ever devoted to
bioethics




The Human Genome Project

Produced the human genome
sequence

Spurred new technologies
Helped spawn a new field: genomics

And now provides new knowledge,
technologies, and approaches for
understanding health and changing
health care



Genes — Some Context...

« How many genes do we
humans have?
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HGP Fun Fact: Number of Genes -
How Do We Humans Measure Up?

e H. flu 1,700
e E. coll 4,300
e Fruit fly 13,600
* \Worm 18,400
e Cow ~22,000
o Arabidopsis 25,500

(thale cress)




e H. flu

e E. coll
o Fruit fly
« \Worm

> You

e Cow

o Arabidopsis
(thale cress)

4.2 HGP Fun Fact: Number of Genes -
~ & How Do We Humans Measure Up?

1,700
4,300
13,600
18,400
~20,500
~22.,000
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WHAT IS A GENE?

The idea of genes as beads on a DNA string is fast fading. Protein-coding sequences have no
clear beginning or end and RNA is a key part of the information package, reports Helen Pearson.

/ ene’ is not a typical four-letter
word. Itis not offensive. It is never
bleeped out of TV shows. And
where the meaning of most four-

letter words is all too clear, that of gene is not.
The more expert scientists become in molecu-
lar genetics, the less easy it is to be sure about
what, if anything, a gene actually is.

Rick Young, a geneticist at the Whitehead
Institute in Cambridge, Massachusetts, says
that when he first started teaching as a young
professor two decades ago, it took him about
two hours to teach fresh-faced undergraduates
what a gene was and the nuts and bolts of how
it worked. Today, he and his colleagues need
three months of lectures to convey the concept
of the gene, and that’s not because the students
are any less bright. “It takes a whole semester
to teach this stuft to talented graduates,” Young
says. “Tt used to be we could give a one-off def-
inition and now it's much more complicated.”

In classical genetics, a gene was an abstract
concept — a unit of inheritance that ferried a
characteristic from parent to child. As bio-
chemistry came into its own, those character-
istics were associated with enzymes or proteins,

cinr eac-ht gene 11t vy Al

Laurence Hurst at the University of Bath, UK.

“All of that information seriously challenges
our conventional definition of a gene,” says
molecular biologist Bing Ren at the University
of California, San Diego. And the information
challenge is about to get even tougher. Later
this year, a glut of data will be released from
the international Encyclopedia of DNA Ele-
ments (ENCODE) project. The pilot phase of
ENCODE involves scrutinizing roughly 1% of
the human genome in unprecedented detail;
the aim is to find all the
sequences that serve a useful
purpose and explain what
that purpose is. “When we
started the ENCODE project
I had a different view of
what a gene was,” says con-
tributing researcher Roderic
Guigo at the Center for Genomic Regulation
in Barcelona. “The degree of complexity we've
seen was not anticipated.”

Under fire
The first of the complexities to challenge molec-
ular biology’s paradigm of a single DNA

"We've come to the
realization that the
genome is full of
overlapping transcripts.”
— Phillip Kapranov

NEWS FEATURE

viously unimagined scope of RNA.

The one gene, one protein idea is coming
under particular assault from researchers who
are comprehensively extracting and analysing
the RNA messages, or transcripts, manufac-
tured by genomes, including the human and
mouse genome. Researchers led by Thomas
Gingeras at the company Affymetrix in Santa
Clara, California, for example, recently studied
all the transcripts from ten chromosomes
across eight human cell lines and worked out
precisely where on the chro-
mosomes each of the tran-
scripts came from’.

The picture these studies
paint is one of
mind-boggling complexity.
Instead of discrete genes
dutifully mass-producing
identical RNA transcripts, a teeming mass of
transcription converts many segments of the
genome into multiple RNA ribbons of differing
lengths. These ribbons can be generated from
both strands of DNA, rather than from just one
as was conventionally thought. Some of these
transcripts come from regions of DNA previ-




All of The Original Goals of

“r.2 The Human Genome Project
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Decrease in the Cost of Finished DNA Sequencing

$10.00

10 years to reduce cost by 102

$1.00

e technology improvements
e automation

e economies of scale
$0.10

Cost per finished bp
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Next Generation Sequencing

Life Technologies' Personal Genome Machine

That means that the PGM will be able to sequence 1 billion letters of DNA code
in two hours, making it much more competitive with a rival machine, the
MiSeq, developed by Illumina, which now dominates the sequencing business.
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Full Range of Services
To Meet Your Research Needs

(O LEARN MORE

APPLICATION AREAS

Human DrugR&D
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ABOUTUS

Animals & Plants Microbial

BGI, the largest genomics center in the world, provides comprehensive sequencing and
bioinformatics services for medical, agricultural and environmental applications. We help
our customers achieve their research goals by delivering rapid, high-quality results using a
broad array of cost-effective, cutting-edge technologies. Our customers also benefit from
our scientific expertise and research experience that have generated over 170 publications
in top-tier journals such as Noture and Science. BGI is recognized globally as an innovator
for conducting international collaborative projects with leading research institutions to

better mankind and our world.

’E VISIT BGI CHINA SITE

E CHAT NOW

|E CONTACT US

SPOTLIGHT

Whole Human Genome Resequencing
Promotion

Significantly reduced prices now through 10/31
Rapid turnaround; Comprehensive analysis

Welcome to BG| Workshop Luncheon at ICHG /

ASHG
Join Us at BGI Workshop Luncheon at ICHG E

Featuring GSK, CHOP, and Dutch Genome
Project.

NEWS EVENTS

BGI Develops RNA-Seq (Quantification) With
Input As Low As 100 Ng Total RNA
September 21, 2011

Merck and BGI Establish Strategic
Collzhoration focused on Biomarkers and
Genomic Technologies

September 13, 2011

Big News From BGI -Bio-IT World
August 2, 2011

View all News »
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WebMD

Better information. Better health.
Article Link: http://children.webmd.com/news/20110307/prenatal-down-syndrome-in-the-works

Prenatal Down Syndrome Blood Test in the Works

Study shows Test That Pknnl.n Fme P mpnmbion Mavleavas Rlaie MEFAae By nfFar A lébanve adiven -
Amniocentesis

Published o To Test, Or Not To Test, Kids' Genes

News

DNA For Adult Diseases

by NANCY SHUTE

A test tha
N4-27 nm

Genetic testing for sports genes courts
controversy

By Rob Stein, Published: May 18

In an era of helicopter parents eager to exploit every competitive edge for their children, at least two
companies have begun selling tests that claim to help match youngsters with the sports they are

genetically programmed to play best.

iStockphoto.com “"l II"I
Should a high school student building a DNA model also have his genetic code tested for disease risks?
O
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DNA Dating: Match-making through genetic
testing

August 21, 9:18 AM - Erin Wilson - DC Relationship Psychology Examiner

| AN

Ok, We Have Our First DNA-Based
Dating Service: GenePartner

Michael Arrington

29 comments »

Monday, Jun. zg, 2o0g

_ Online Dating and Genetics

I d a h o Stat es m a n - c Remember the famous sweaty-T-shirt experiment? When asked to sniff men's shirts back in 19095, women whe were not on the Pill preferred the scent of

men who had certain genes that were more disstmilar to their vwin. Opposites, the data suggested, really do attract. The experiment inspired the launch
last sunumer of GenePartner.com a Swiss company that uses genetics to predict whether two people will have butterflies-in-the-stomach chemistry.

Already, partnerships are in the works with both traditional matehmakers and new online-dating sites, including SensecTLove.com which plans to add

| Click Here to Prirt This Article |
July 24, 2008

The You Docs: Can a DNA test help you
find your soul mate?

Mehmet and Mike are happily marmied. Mo, not to each other. To two wonderful ladies (one each, of course). But if they weren't and they

lived, say, near Boston, a peculiar dating service might arouse their curiosity. For $1,995.95, a company called ScientificMatch.com

claims that if you crack open its special kit, rub a cotton swab on the insides of your cheeks and ship the swab to its lah, it will use the
OlaCcls 10 TINg Yo OLI 41
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Should we be concerned?



Ethical, Legal and Social Implications

Fairness in the use of genetic information

— Who should have access to genetic information, and how should the
information be used?

Privacy and confidentiality of genetic information
— Who owns and controls genetic information?

Psychological impact and stigmatization due to genetic differences

— How does personal genetic information affect an individual and society’s
perception of that individual?

Reproductive issues
— Are patients properly counseled about the risks and limitations of genetic

technology?
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Ethical, Legal, and Social Implications

Clinical iIssues

— How do we educate health care workers, patients, and the general public
about genetic technology capabilities, limitations and applications?

Uncertainties associated with gene tests for susceptibilities and
complex conditions
— Should testing be performed when no treatment is available?

— Should parents have the right to have their minor children tested for adult
onset diseases?

— Are genetic tests reliable and interpretable by the medical community?

Conceptual and philosophical implications regarding human
responsibility

— Do peoples genes make them behave in a particular way?

— Can people always control their behavior?
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. Most Popular
Can You Be Fired for Your ——

Genes?

The number of complaints about genetic discrimination is on the rise

Men Have Sex Too

The New Sermon on the Mount?

Ohio School Shooting: Are Parents to
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In 2010, Pamela Fink, an employee
of a Connecticut energy company,
made a new kind of discrimination
claim: she charged that she had
been fired because she carries genes
that predispose her to cancer. Fink
quickly became the public face for
the cutting edge of civil rights:
genetic diserimination.

The Genetic Information
Nondiscrimination Act, which was
passed out of concern for just such
cases in the wake of huge advances
in genetics testing, took effectin
late 2009, GINA, as it is known,
makes it illegal for employers to fire
or refuse to hire workers based on

Pamela Fink at her ho L

Fink says she was fired after she tested positive for a breast-
cancer gene and had a double mastectomy as a preventafive
measure

Will We Ever Get Strong Internet Privacy
Rulas?

What Got Lost in the Debate About Birth

ontrol
Why Vou Won't See Saudi Women at the
Olympics

o 2 Windows7
THE MICROSOFT

PREMIUM COLLECTION
EXCLUSIVELY AT BEST BUY*

their “genetic information” — including genetic tests and family o= Cohenisthe
history of disease. GINA doesn't just apply to employers: health- : f;t;‘:arrc.'?;ggng
insurance companies can be sued for using genetic information Inner Circle and
to set rates or even just for investigating people’s genes. i . ﬁ:f:'rfgpreo
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Address @] httpsf e, genome, gov/ 24519851

il BEROme Y '

% Il National Human Genome Research Institute
National Institutes of Health 1

~ Home | About HHGRT | M

Research Grants Health Policy " Educational Careers
& Ethics Resources & Training

Homne » Policy & Ethics » Genetic Discrimination * Genetic Information Nondiscrimination Act of 2007-2008 é Print Yersion

Genetic Information Nondiscrimination Act: 2007-2008

Request for Information Regarding Sections 101 Through 104 of the Genetic Information Nondiscrimination Act of 2008
The Department of Labor, one of the federal agencies involved with drafting requlations for implementation of GINA, has issued a Request for Information regarding issues under
Sections 101-104 of GINA. The agency will be accepting public comments until December 9, 2008.

President Bush Signs Genetic Information Nondiscrimination Act of 2008

Washington, Wed., May 21 2008 — The President has signed into law the Genetic Infarmation Mondiscrimination Act (GINA) that will
protect Americans against discrimination based on their genetic information when it comes to health insurance and employment. The
bill had passed the Senate unanimausly and the House by a vote of 414 to 1. The long-awaited measure, which has been debated in
Congress for 13 years, will pave the way for people to take full advantage of the promise of personalized medicine without fear of
discrimination,

Read more: President Bush Signs H.R. 493, the Genetic Information Nondiscrimination Act of 2008 [whitehouse.gov]

The history of GINA's passage through the legislative process, 2007-2008, can be tracked on this page.

President George W. Bush signs H.R. 493, the Genetic Information
Nondiscrimination Act of 2008, Wednesday, May 21, 2008, in the
Owval Offica. White House photo by Eric Draper.

Legislative Chronology
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= Genome 10K Project | Genome 10K Project - Windows Internet Explorer

-
@ A4 W hitkp: /e, genome Ok, org)

File Edit View Favorites Tools Help
Links

UL G9AC 22|+ |[Msenome 10k Project | Ge... % |\ MSN.com | MEN,com |\ M5N,com

o .
fﬁ%f’,a Database & News Publications Participants For G10K
1«#‘ JME

Species Lists Organizers

GENOME 10K. (restricted)

Unveilingsanimal diversity

Genome 10K Project ,
Join us

To understand how complex animal life evelved through changes in DNA and use this knowledge to
become better stewards of the planet.

Become a G10K affiliate

The Genome 10K project aims to assemble a genomic zoo—a collection of DNA sequences
representing the genomes of 10,000 vertebrate species, approximately one for every vertebrate
genus. The trajectory of cost reduction in DNA sequencing suggests that this project will be feasible
within a few years. Capturing the genetic diversity of vertebrate species would create an
unprecedented resource for the life sciences and for worldwide conservation efforts.

Co-directors

David Haussler
Howard Hughes Medical
The growing Genome 10K Community of Scientists (G10KCOS), made up of leading scientists Institute Investigator, Professor
representing major zoos, museums, research centers, and universities around the world, is of Biomalecular Engineering,
dedicated to coordinating efforts in tissue specmen collection that will lay the groundworlk for a UG Santa Cruz.
large-scale sequencing and analysis project.
Stephen J. O'Brien
Accomplishments Laboralory of Genomic
Diversity (retired), NCI-
¥ Inspired partly by the Genome 10K project, the i5K initiative to sequence 5,000 insect Frederick
genomes began in March 2011.
Oliver A. Ryder
Director of Genetics, Kleberg
Chair, San Diego Zoo Institute
» The Genome 10K database catalogs specimens from more than 16,000 vertebrate species, for Conservation Reasearch;
including living and recently extinct mammals, birds, non-avian reptiles, amphibians, and Adjunct Professar, Division of
fishes, many of which are threatened or endangered. Biology, UC San Diego

¥ G1OK announces the first 101 species for sequencing. These add to 120 vertebrate species
already being sequenced in public-sector genome projects. See them in phylogenetic trees.

¥ Inaugural publication in the Journal of Heredity, November 4, 2009--the second most-
downloaded article in JOH's history.
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S. BAUER/USDA

The honeybee is under threat from a formidable array of pathogens, including the Varroa mite seen here.

Geneticists bid to
build a better bee

Honeybee genome offers clues for fighting diseases.

BY GWYNETH DICKEY ZAKAIB says Cornman. “Then we can start looking at

INFOCUS IH;!E

Hemisphere began to show alarming declines.
A syndrome dubbed colony collapse disorder
(CCD) has been causing the insects to die off in
large numbers, leaving well-provisioned hives
suddenly empty. Meanwhile, other parasites,
such as the Varroa mite (Varroa destructor),
which spreads harmtul viruses, continue to
take their toll. Annual surveys in the United
States show that almost 35% of all colonies die
during a typical winter. Genomics is yielding
new clues to the still-mysterious phenomenon,
as well as potential strategies for protecting the
insects from a multitude of threats.

At the meeting, Cornman presented data
showing that hives affected by CCD have higher
levels of microscopic gut fungi called Nosema,
and a greater prevalence of several viruses, two
of which had not been detected in bees before.

Yet despite having a multitude of enemies,
many bees are holding their own, says research
entomologist Jay Evans of the USDA’s bee
laboratory. “The question is not why are bees
getting sick, but how are they surviving against
this onslaught of parasites,” he says.

The genome offers a window into the bees’
immune pathways, Evans adds. The goal is
to identify the genes that are crucial in help-
ing bees thwart attack, and, ultimately, to
strengthen these defences. “You can breed for
these traits, but with genetic markers you could
do it faster;,” he says.

In cases in which nature cannot do the job,
some researchers are now exploring more
direct ways of boosting bees’ resilience. In
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Carsten Pusch, a medical geneticist with a special interest in
ancient diseases, never imagined he'd be called in to help autopsy

Top 10 Nude one of history's oldest and most internationally celebrated corps:

Magazine But that's just what happened when Zahi Hawass, the legendary
Covers director of Egypt's Supreme Couneil of Antiquities, rang him up at
his offices in the University of Tiibingen in Germany.

‘Would Pusch be interested, asked Hawass, in doing a DNA
analysis on several mummies from the 18th Dynasty — including
a king who died before he reached the age of 20 and who went by
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Gene therapy 'gave me sight back'

By Helen Briggs
th editor. M

Three US citizens who lost their sight in
childhood have reperted a dramatic
improvement in vision after having gene
therapy in both eyes.

There w me
fault in one ey

provement after the genetic
corrected four years ago

/, one woman has d
eing her children's fa
eye was treated.

have Lebe
caused by def

ngenital Amaur

It appears
impaired v

in & gene encoding a protein needed for

US opens key Super
Tuesday voting

Israel warns time short on Iran
Robot cheetah 'sets speed record’

Eastern Libyans call for autonomy

Congress setback in India polls

ADVERTISEMENT

Related Stories

Gene therapy 'to

a rare inherited protect sight

Gene therapy and
stem cells unite

t birth or in the first months of Iife, leading
nts and poor night vision

than 10 different

al function of the retina; the light-sensitive layer of

of the eye.

Several teams around the world are carrying out early
therapy in blindness, including experts at the Philadelphia

Hospital and the | vania, US

Only a handful of patients worldwide have received the treatment to boost

T gene
iidren's X
Walk of shame
Can Rush Limbaugt

a faulty gene underlying an inherited form of blindnes

The US researchers revealed in 2008 that 12
people with LCA had recovered

after being injected in one eye wit
engineered virus carrying the gene RPE

In a follow-up y they treated the other eye
of three of them. and found it improved their
sight even m

light and

0 were able y around

The resul
the journal Science Translational Medicine
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The Next Generation In Genome Sequencing

Advances in technology create new challenges in data analysis

Rick Mullin

4> Shift
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. A Shutterstock
Input The amount of information entering the system outstrips the analytical capacity of drug
researchers.

Every now and then, a headline says it all. An article last fall in Genome Medicine, for example, carried this
one: “The $1,000 genome, the $100,000 analysis?” (DOI: 10.1186/gm=205). Suppliers and users of genome
sequencing and informatics systems agree that the author, Elaine Mardis, perfectly captured the dilemma in
genomics-based drug research. In fact, some say Mardis, director of technology development at the Genome
Institute at Washington University in St. Louis, is lowballing the cost of analyzing genomics data.
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NIH research awards and job creation in every state

Roll over a state to see how many jobs NIH research awards supported in 2010,

Jobs supported by MNIH research
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Economic Impact of the Human Genome Project, 1988-2003

The Human Genome Project yielded a 14,000% return on investment over the 23 years of its life in
terms of economic output and a 1,250% return on investment in terms of federal tax revenue alone

Economic output
$796 billion

Government
investment
$3.6 billion

{OK

Federal tax revenue
548.9 billlion Genome
Project

310,000 jobs In 2010 alone
State and local (3.8 million Job-years from 1998-2003)

tax revenue

$29.5 billion f £ fﬂi‘[ fH ‘ﬂ ‘!;?{il _P'._M
mﬂ A= TP OJPOT“ﬂ. MAR

Source: Science Progress with data from "Ecomomic Impact of the Human genome Project,” Battelle Technology Partn ership Practice,
May 201 1.
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Center for American Progress
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> Bioethics & Science

Genetic Jobs

New Study on the Genetic Testing Industry Shows How Public
Research Created Over 100,000 Jobs

Vickie Chaplin loads patient samples into 3 machine for testing at Myriad Genetics in Salt
Lake City. A new report shows the rapidly expanding genetic and genomic clinical
laboratory testing industry in the United States currently supports 116,000 jobs and $16.5
billion in national economic output.

By Jason Thomas | February 7, 2012

DONATE

2 PRINT | B EMAIL | TExT-s1zE: aa A share: B O B @

This article was originally published on Science Progress

The era of medical genetic testing is upon us. At least that's the impression one would get
after reading this new Battelle report commissioned by The American Clinical Laboratory
Association. The ACLA report shows the rapidly expanding genetic and genomie clinical

laboratory testing industry in the United States currently supports 116,000 jobs and $16.5

billion in national economie output.
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